Background. Adolescent idiopathic scoliosis (AIS) is common deformity with unknown cause. Previous studies have suggested the abnormal serum leptin and ghrelin level in AIS girls. The aim of present study was to evaluate whether the serum leptin and ghrelin level could serve as risk factor in predicting the curve progression in AIS girls. The associations between them and the physical characteristics were also investigated. Materials and Methods. Circulating leptin and ghrelin levels from 105 AIS girls and 40 agematched non-AIS girls were examined by enzyme-linked immunosorbent assay. The correlations between ghrelin and leptin levels and growth-related parameters (age, weight, corrected height, corrected BMI, main Cobb angle, and Risser sign) were analyzed in AIS group. Multivariate logistic regression was used to investigate factors predicting curve progression in AIS girls. Results. A significantly lower leptin level (6.55 ± 2.88 vs. 8.01 ± 3.12 ng/ml, p < 0.05) and a higher ghrelin level (6.33 ± 2.46 vs. 4.46 ± 2.02 ng/ml, p < 0.05) were found in all AIS patients, as compared with normal controls. Curve progression patients had a higher ghrelin level than stable curve patients (7.61 ± 2.48 vs. 5.54 ± 2.11 ng/ml, p < 0.01); for leptin level, there was no significant difference between progression and stable group. The results of multivariate logistic stepwise regression showed that premenarche status, initial main Cobb magnitude that was more than or equal to 23 ∘ , high ghrelin level (≥7.30 ng/ml), and lower Risser grade (grades 0 to 2) were identified as risk factors in predicting curve progression. Ghrelin levels of >6.48 ng/ml were predictive for curve progression with 70.00 % sensitivity and 72.31 % specificity, and the area under the curve (AUC) was 0.741 (95 % confidence interval 0.646-0.821). Conclusions. High ghrelin level may serve as a new quantitative indicator for predicting curve progression in AIS girls.
Introduction
Adolescent idiopathic scoliosis (AIS) is a complex 3-dimensional spinal deformity occurring predominantly in girls during peripubertal age with unknown cause [1] . Epidemiologic studies showed that the prevalence of AIS is 1.5% to 3.0%, and 10% to 15% of AIS patients demonstrate curve progression [2, 3] . Progressive scoliosis may result in severe deformity, back pain, cardiac dysfunction, and pulmonary constraint [4] . Among 14-to 15-year-old girls, the prevalence is up to 13.81% [5] . Hence, it is important to predict which curves will progress so that appropriate and timely treatment can be provided.
Several clinical and genetic parameters for predicting curve progression have been proposed like curve-related factors, maturity-related factors, osteopenia, SNPs, and others [6] [7] [8] . Unfortunately, the ability of the individual parameter is not accurate enough in predicting curve progression in AIS patients because of substantial variability [9] . In a review to evaluate published data on the prediction of progressive AIS, it concluded that presented reported predictors have low level of evidence due to the deficiency of observational studies [10] . The ScoliScore test developed by Axial Biotechnology is only effective in predicting the outcome of white AIS patient [11] . Therefore, it is still necessary to explore new effective risk factors for progressive AIS patients.
Leptin is a 16-kDa peptide hormone secreted principally by the white adipose tissue [12] . It displays an appetitesuppressing effect which can reduce the formulation and accumulation of fat. Ghrelin, a 28-amino acid predominantly produced by the gastric mucosa [13] , has been shown to display appetite-stimulatory effects and induces a positive energy balance leading to body weight gain. Leptin and ghrelin antagonize each other in regulating energy balance 2 BioMed Research International [14] . A number of studies have reported serum leptin and ghrelin level disorders in AIS patients [15] [16] [17] [18] [19] [20] . However, the significance of leptin or ghrelin as a biomarker in progressive AIS patients has not yet been reported.
The aim of the present study was to evaluate whether the serum leptin or ghrelin level could serve as risk factor in predicting the curve progression in AIS girls. The associations between them and the physical characteristics were also investigated.
Materials and Methods

Ethics Statement.
Ethics approval for the present study was obtained from the Ethics Committee of Xiangya Hospital of Central South University (Changsha, China). Procedures involving human subjects were performed in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki). Written informed consent was obtained from all the subjects as well as from their legal guardians prior to inclusion into the study.
Subjects.
The study subjects consisted of 105 untreated AIS girls aged between 9 and 17 years and 40 age-matched non-AIS girls. The patients were recruited from our clinic and diagnosed by clinical assessments and standard standing roentgenographic examinations from June 1, 2014, to March 15, 2015 . The healthy girls were recruited from local schools and examined by physical examination and X-ray examination to eliminate any spinal deformity. All AIS girls need to meet the following inclusion criteria: the minimum of Cobb angle of 10 ∘ ; follow-up clinical assessments, which were conducted at an interval of 3 to 6 months until 18 months; complete records of pubertal growth, including age, Risser grade, menstrual status, and anthropometric measurements. And the exclusion criteria for AIS and control girls were congenital vertebral malformations, neuromuscular diseases, metabolic diseases, skeletal dysplasia, connective tissue abnormalities, mental retardation, a history of recent steroid intake, or other diseases affecting bone metabolism and BMIs >23.0 (according to the World Health Organization standard for overweight criteria in Asian populations).
This was a prospective observational study. The patients were followed clinically every three to six months. Curve severity was monitored by standard scoliosis radiographs examinations. The criteria for brace treatment were established in accordance with 2005 brace studies criteria of Scoliosis Research Society (SRS). After 18-month follow-up, the patients were divided into 2 groups: progression group whose main Cobb angle exceeded 40
∘ or increased by 6 ∘ despite bracing and/or undergoing surgery; stable group whose main Cobb angle increased by less than 5 ∘ during the clinical follow-ups.
Anthropometric and Radiographic Assessments.
The physical characteristics were recorded at the time of diagnosis. Standing height was measured to the nearest 0.1 cm. Weight (in underwear) was measured to 0.1 kg. The corrected height was computed by using Bjure's formula (log Y = 0.011X − 0.177), where Y is the loss of trunk height (cm) due to the spinal deformity and X is the main curve Cobb angle. Body mass index (BMI) was calculated by dividing weight (kg) with height squared (m2) and corrected BMI (cBMI) by dividing weight (kg) with corrected height squared (m2). The Risser grade and curve magnitude were obtained from a fulllength standing posteroanterior radiograph of the total spine.
Measurements of Ghrelin and Leptin.
Peripheral venous blood samples were collected from all subjects in the morning after an overnight fasting without a large load of sports from all subjects in the follicular phase, and the serum samples were separated after centrifugation and stored at −80 ∘ C until assay. Total ghrelin and leptin levels were measured by using enzyme-linked immunosorbent assay (ELISA) kits (Elabscience Biotechnology, Wuhan, Hubei, China) with minimum detectable values of 0.09 ng/ml and 48.88 pg/ml, respectively.
Statistical Analysis.
Data are presented as mean ± SD. The comparison of anthropometric data between AIS and control groups was computed using Mann-Whitney 푈 test. Serum ghrelin and leptin levels were compared between AIS and control groups using independent samples 푡-test. The statistical significance was set at P < 0.05. Pearson or Spearman's rank correlations between ghrelin and leptin levels and growth-related parameters (age, weight, corrected height, corrected BMI, main Cobb angle, and Risser sign) were analyzed in AIS group. As the physical characteristics and circulating leptin and ghrelin levels were continuous variables, appropriate transformations on continuous variables into categorical variables were performed. Specifically, age, cBMI, main Cobb angle, and Risser sign of AIS girl were classified into 2 grades (high level and low level) by median. In detail, the age was subdivided into 9 to 12 years (code 0) and 13 to 17 years (code 1), the cBMI was subdivided into less than 16.8 kg/m 2 (code 0) and more than or equal to 16.8 kg/m 2 (code 1), the main Cobb angle was subdivided into 10 ∘ to 22 ∘ (code 0) and more than or equal to 23 ∘ (code 1), and the Risser sign was subdivided into 0-2 (code 0) and 3-5 (code 1). The ghrelin and leptin levels were classified into 3 grades (high, middle, and low level) by tertiles: the ghrelin level was categorized as ≤5.00 ng/ml (code 0), 5.00-7.30 ng/ml (code 1), and ≥7.30 ng/ml (code 2); the leptin levels were categorized as ≤5.13 ng/ml (code 0), 5.13-7.44 ng/ml (code 1), and ≥7.44 ng/ml (code 2). The 휒2 test was carried out to compare the differences of the distributions of the parameters between curve progression and stable curve AIS girls. The univariate analysis was used to assess the association between curve progression and each independent variable. The variables with P value < 0.2 were included in the regression model. Multivariate logistic regression with stepwise elimination was utilized to identify the prognostic factor(s) for curve progression. Odds ratios (ORs) were determined from the multivariate analysis. Receiver operating characteristic (ROC) curves for the accuracy of ghrelin and leptin in predicting the curve progression were carried out, and analysis was Values are shown as means ± SD. In controls, corrected height (cHeight) and corrected BMI (cBMI) were equal to height, BMI, of them, respectively. AIS indicates adolescent idiopathic scoliosis; BMI, body mass index. † P < 0.05 and ‡ P < 0.01 between progressive AIS group and stable AIS group; * P < 0.05 and * * P < 0.01 between AIS girls and control girls.
performed to determine the optimal cut-off points from the curves.
Results
A total of 105 AIS girls were enrolled over the abovementioned period, and 40 age-matched non-AIS girls were included in the study. During the follow-up, there were 40 patients (38.10% of all AIS patients) whose main Cobb angle exceeded 40 ∘ or increased by 6 ∘ . Thus, the AIS patients can be categorized into two groups: progression and stable. The physical characteristics of the patients in progression and stable group and control group are shown in Table 1 . It was found that the mean age, weight, height, and corrected height between AIS group and control group had no significant difference. However, AIS patients showed lower BMI and cBMI than controls (17. ∘ , p < 0.01) were found, compared with those with stable curves. Normality test showed that serum total ghrelin and leptin levels are normally distributed in both AIS and control groups (results not shown). As shown in Figure 1 , a significantly lower leptin level (6.55 ± 2.88 vs. 8.01 ± 3.12 ng/ml, p < 0.05) and higher ghrelin level (6.33 ± 2.46 vs. 4.46 ± 2.02 ng/ml, p < 0.05) were found in all AIS patients. Curve progression patients had a higher ghrelin level than stable curve patients (7.61 ± 2.48 vs. 5.54 ± 2.11 ng/ml, p < 0.01); for leptin level, there was no significant difference between progression and stable group.
The distribution of physical characteristics and biochemical markers in each group was displayed in Table 2 . Apparently, the rate of curve progression was significantly higher in younger (age < 12 years) than in older patients (65.0% vs. 35.0%, p = 0.048), in patients with lower cBMI (cBMI < 16.8 kg/m 2 ) than those with higher cBMI (67.5% vs. 32.5%, p < 0.05), in patients with larger initial curve magnitude (main Cobb angle ≥ 23 ∘ ) than those with smaller initial curve magnitude (65.0% vs. 35.0%, p < 0.01), in premenarche patients than postmenarche ones (67.5% vs. 32.5%, p < 0.05), and in patients with high ghrelin level (ghrelin ≥ 7.30 ng/ml) than those with low ghrelin level (52.5% vs. 47.5%, p < 0.01). In addition, the rate of curve progression had no significant difference in terms of Risser sign or leptin level. Table 3 showed the relationships between serum ghrelin and leptin level of AIS girls and growth-related parameters (age, corrected height, weight, corrected BMI, initial Cobb angle, menstrual status, and Risser sign). Apparently, ghrelin level was significantly negatively correlated with Risser sign (r = −0.489; p < 0.01), menstrual status (r = −0.239; p < 0.001), corrected BMI (r = −0.208; p < 0.001), and age (r = −0.303; p < 0.05). In contrast, leptin level was significantly positively correlated with Risser sign (r = 0.378; p < 0.01), weight (r = 0.325; p < 0.01), corrected BMI (r = 0.252; p < 0.05), corrected height (r = 0.264; p < 0.001), and age (r = 0.302; p < 0.05), while initial Cobb angle of AIS girls correlated neither with ghrelin level nor with leptin level.
The results of multivariate logistic stepwise regression showed that premenarche status, initial main Cobb magnitude that was more than or equal to 23 ∘ , high ghrelin level (≥7.30 ng/ml), and lower Risser grade (grades 0 to 2) were identified as risk factors in predicting curve progression ( Table 4 ). The predictive power of these prognostic factors was indicated by odds ratio (OR) within the 95% confidence interval (95% CI). The OR of the initial menstrual status (P = 0.003) stands at 0.174 (95% CI, 0.055-0.553); the OR of the initial Cobb angle (P = 0.067) stands at 2.391 (95% CI, 0.939-6.084); the OR of the ghrelin level (P < 0.001) stands at 3.475 (95% CI, 1.709-7.064); and the OR of the initial Risser grade (P = 0.020) stands at 4.877 (95% CI, 1.282-18.545). As shown in Figure 2 , the receiver operating characteristic (ROC) analysis showed that the optimal cut-off of ghrelin values was 6.48 ng/ml with the area under the curve that was 0.741 (95% confidence interval 0.646 to 0.821), and at this point, the sensitivity and the specificity for curve progression were 70.00 % and 72.31 %, respectively; the optimal cutoff values of leptin were 5.67 ng/ml with the area under the curve that was 0.580 (95% confidence interval 0.480 to 0.676), and at this point the sensitivity and the specificity for curve progression were 57.50 % and 66.15 %, respectively.
Discussion
AIS is the most prevalent spinal deformity disease with a complex etiology. Until now, we still do not have a reliable method to predict the level of curve severity at the first session. Previous studies have reported various characteristics and parameters with their ability to predict curve progression in AIS patients. The results of these studies showed that the risk of curve progression correlated with growth potential and curve magnitude [21] . Several hormones have been identified as influential factors in individual's growth and development [22] [23] [24] [25] . More precisely, leptin and ghrelin are two key factors among them, which have been shown to influence physical growth and glucose/lipid metabolism [26] . Leptin, a 16 kDa protein secreted by adipocytes, is an important factor affecting skeletal growth. Ghrelin is secreted from the stomach and plays a role in regulation of meal initiation and insulin secretion. It has been suggested that abnormal growth pattern and lower BMI may correlate with leptin and ghrelin level disorder in AIS girls. Several studies have reported that circulating level of leptin is low and the circulating level of ghrelin is high in AIS girls. In the study reported by Qiu et al. [17] a low circulating leptin level was reported in AIS patients. Sales de Gauzy et al. [18] have reported that serum ghrelin level was 1.8-fold higher in AIS girls than in control group. Meanwhile, leptin level was found to be correlated with growth potential parameters, and the correlation between ghrelin and age was also found in AIS girls. In the current study, low concentration of serum leptin and high concentration of serum ghrelin were observed in the AIS group, which was in accordance with previous studies. Symbols indicate significant correlation: * P < 0. 05; † P < 0.01; ‡ P < 0.001. More importantly, according to the analysis of the correlations between physical characteristics and leptin/ghrelin levels, leptin level significantly correlated with age, Risser sign, weight, and other growth parameters, and ghrelin level negatively correlated with Risser sign, age, and corrected BMI, indicating that serum leptin and ghrelin levels may be risk factors in curve progression AIS girls. Several previous studies have reported that different characteristics can be used for the prediction of severe spine deformity, such as clinical [27] , radiographic [28] , physiologic [29] , biochemical [30] , genetic [31] , and combinatorial parameters [32] . Tan et al. [21] examined 186 AIS patients and noted that curve magnitude more than 30 degrees at first session was the most important predictive factor for curve progression. A prospective study performed by Hung et al. [33] showed that osteopenia, lower Risser grade, and larger initial Cobb angle correlated with curve progression. A DNA-based prognostic test named "ScoliScore" has been developed by Ward K et al. [11] provided important information in risk prediction, but the test applies only to white AIS patients. In addition, Noshchenko A et al. [10] analyzed the reported predictive values of different factors in progressive AIS patients in a systematic review; the result showed that current risk factors are not recommended for clinical use as diagnostic criteria due to low level of evidence. Overall, more prospective cohort studies and randomized controlled clinical trials (RCTs) were needed to develop more functional approaches in the prediction of curve progression in scoliosis.
The prognostic factors that were identified in the study were menstrual status, Risser sign, ghrelin level, and initial Cobb angle. The ghrelin level in progressive group was significantly higher than in stable curve group and may predict the curve progression of AIS girls. However, menstrual status, Risser sign, and Cobb magnitude have been found to be important risk factors in previous studies. The mechanism for the increase of ghrelin concentration in progressive AIS girls was explored. In the general population, an association between circulating ghrelin level disorder and delayed puberty was observed [34] . Therefore, high ghrelin level may contribute to puberty delay in AIS patients. Furthermore, ghrelin regulates bone remodeling in vivo and increases proliferation and differentiation of osteoblasts in vitro [35] . Ghrelin increases osteoblast differentiation and proliferation by modulating the CREB and Runx2 pathways [35] . Leptin also increases osteoblast proliferation and activity [36] [37] [38] . Clinically, low bone mineral density or osteopenia was widely identified in AIS girls [39] . Thus, it is likely that ghrelin dysregulation may be the consequence of scoliosis as a feedback regulation, but without being a causal factor. However, it is known that ghrelin level is influenced by various factors, such as metabolic status, other hormone levels, and ghrelin resistance. It interacts with leptin in modulating bone structure [40] ; their combined effect in bone metabolism and energy metabolism still needs further investigation.
There are several limitations in this study. First, all the patients were followed for 18 months, so parts of them did not have skeletal maturity in the end of follow-up. Thus, the results of the study may not be able to represent the general trends. Second, hormone levels were not monitored continuously, which resulted in the loss of fluctuation pattern of ghrelin and leptin levels in different kinds of patients. Further studies on the dynamic changes of those hormones in AIS girls were needed. Third, the patients under brace treatment were also included, which may have effects on curve progression. Hence, it would be ideal to set a separate group for the patients under brace treatment.
In conclusion, the findings indicated marked increase in serum ghrelin levels and decrease in serum leptin levels in AIS girls. The correlations between the two hormones and growth parameters were documented. Moreover, high ghrelin level may serve as a new quantitative indicator for predicting curve progression and thus helps in precise selection of appropriate treatment in AIS girls. To our knowledge, this is the first cohort study demonstrating the close correlation between serum ghrelin levels and the classic curve progression predictors in AIS patients. The clinical importance of the present study is that serum ghrelin could be a risk factor, linked with other reported prognostic factors, to predict the final outcome of scoliosis. Therefore, further large sample cohort studies are needed in this field.
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